
Female hormones & the impact on 
osteoporosis and bone health 
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Major Functions of Bone 



•

•

•

•

Bone Composition 



The Structure Bone 

Trabecular 

microcracks

Osteoporotic 

trabecular 

Bone 



Specialized Bone cells

Their characteristic feature is a ruffled 

edge where active resorption takes 

place with the secretion of acid and 

bone-resorbing enzymes, which digest 

bone mineral and matrix.



Specialized Bone cells

multiple cell lineages; osteoblasts, 

chondrocytes, myoblasts, adipocytes, and fibroblasts

In the adult skeleton, the majority of bone surfaces that are not undergoing 

formation or resorption are lined by bone lining cells.



Specialized Bone cells

These cells are osteoblasts that become incorporated within the newly 

formed osteoid, which eventually becomes calcified bone.



Modeling & Peak Bone Mineral Density

16-19 33-36



Once bone has formed and matured, it undergoes constant remodelling

Bone turnover is the balance between resorption & formation 



Five phases remodeling = coupling  

Activation & resorption 

Preosteoclasts stimulated & 

differentiate via cytokines & 

growth factors  into mature 

active osteoclasts

Reversal

End of 

resorption

Formation

Osteoblasts  

synthesize new matrix  

Quiescence

Osteoblasts become resting 

bone lining cells on newly 

formed bone  surface  

Calcitonin, RANKL, Wingless/Integrated 

signalling pathway (Wnt), (IL)-1, IL-6, IL-

11, macrophage colony-stimulating factor 

(M-CSF), and parathyroid hormone (PTH) 

Wingless integrated –

(Wnt), 



Cells and Signalling for remodelling  



To Achieve Coupled Bone Remodeling 

In general, trabecular bone resorption and formation occur 4 to 8 times as fast as cortical bone

Resorption is quick (over 3 

weeks)

Formation is slow (over 3–4 

months)



E2

Slows 

resorption

P4

stimulates 

Formation

The balance during the menstruating years likely determines lifelong bone health

Puberty

IGF-1

GH



Hormonal roles on bone remodeling 

●

●

Int. J. Mol. Sci. 2022, 23(3), 

1376; https://doi.org/10.3390/ijms23031376

When E2 levels drop, this triggers 

a cascade of cytokines(RANK-L) 

stimulates a rapid increase in bone 

resorption.

https://doi.org/10.3390/ijms23031376


● in addition 1) lowering the sensitivity of bone mass to PTH, thus reducing bone resorption, 

2) increasing the production of calcitonin, thus inhibiting bone resorption, 3) accelerating 

calcium resorption by the intestine, 4) reducing the calcium excretion from the kidney, and 5) 

direct effects in the bone via estrogen receptors a + b 

Igf1 & GF



•

•

Pre-menopause transition
Ovulatory Cycles = Bone Balance  

E2 is in pmol/l and P4 in the 1000-fold higher nmol/l

Although the decreasing E2 levels from peak to 

menstrual flow trigger a small increase in bone 

resorption, P4’s bone formation–stimulation counter-

balances that to result in a net, stable BMD



Hormonal roles on bone remodeling 

●

Those who continued to be normally 

Prospective , observational study 1-year study 66 women

Those with ovulatory or experienced only one short 

luteal cycle per year maintained cancellous BMD.

Vs 

Those with one or more short luteal phases or any 

anovulatory cycles significantly lost BMD at rates of 

4–6%/year

Reprinted with permission from the New England Journal of Medicine



Hormonal roles on bone remodeling 

A meta-analysis of spinal BMD change that monitored 436 women ( 18 - 46yrs) - 1 year

for cycles and ovulation, showed that, within each study, those with less than median proportion of 

normally ovulatory cycles, were losing almost 1% ( -0.86%)  of spinal BMD/year.



Impacts COCP in Adolescence 

https://doi.org/10.3389/fendo.2020.00603

https://doi.org/10.3389/fendo.2020.00603


Perimenopause 

1. Higher, erratic E2 and decreasing ovulatory P4

2. HPO feedback disturbances 

3. Increased inflammation 

Negative for bone balance 

. 

“ER-b has been shown to regulate a key component of 

the innate immune response known as the 

inflammasome…….. the menopausal transition as 

an inflammatory event, plus regulation of the innate 

immune response”
The peri-menopause in a woman’s life: a systemic inflammatory phase that enables later neurodegenerative 

disease. J Neuroinflammation 17, 317 (2020). https://doi.org/10.1186/s12974-020-01998-9



Menopause 

The enhanced expression of 

cytokines known to stimulate 

osteoclastogenesis, such as 

IL-1, IL-6, and TNF, RANKL 

also play an important role.



Osteoimmunology



Messenger Proteins are release by immune cells in response to oral bacteria switching on T & B cells

Stimulated macrophages, 

DCs, and T cells promote 

the expression level of 

RANKL in periodontal 

ligament cells through their 

corresponding pro-

inflammatory cytokines with 

OPG being degraded as well



Conventional treatment 

•Gasto-intestinal side effects 

•Atrial fibrillation

- more severe with IV bisphosphonates

•Osteonecrosis of the jaw

- more common with IV bisphosphonates

•Inflammatory eye disease

- only with IV bisphosphonates

•Femoral stress fractures 

- long term use



Hormone Replacement 

●

●

Previously stated that an estradiol blood level of 146–220pmol/L  required to 

protect against bone loss –current  Estradiol levels as low as 75 pmol/L have a 

beneficial impact on bone density and fracture rates.

JAMA. 2003;290(8):1042-1048. doi:10.1001/jama.290.8.1042





Strategies to reduce fracture risk vs improving Bone Density 

Progressive muscle resistance training)



Benefits Exercise 

Hypertrophy

- AB crunch 3x 12-15

Leg curl 1 x 8-10  1 x 12-15

Leg press 1 x 8-12  1 x 12-20

Lateral raise 2 x 10-12 1 x 12-15

Single arm high row 1 x8-12 

1x 12-15

Barbell row 1x 10 1 x 10-15

Strength

Deadlift 3 x 5-10

Lat pulldown 3 x 10-12

Lat raise  1 x 10-12

Bench press 3 x5

Leg curl 1 x 12-15

Squat 3 x 5 
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Feeding Bone 

Oestrogen acts to improve 

calcium absorption by 

increasing the levels of 1,25-

dihydroxyvitamin D





Feeding Bone 

Vegetables to alkalinize  & support microbiome

Optimize digestive surroundings 

Reduce free radical exposure (AGEs)  





Nutrients 

https://doi.org/10.1155/2013/589641

https://www.hindawi.com/journals/tswj/2013/589641/
https://www.spandidos-publications.com/10.3892/mmr.2013.1446
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6005849/
https://doi.org/10.1155/2013/589641


https://doi.org/10.3945/jn.113.185397

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7137068/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7137068/
https://doi.org/10.3945/jn.113.185397


PMID: 37842299

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3571640/
https://pubmed.ncbi.nlm.nih.gov/37842299


https://pubmed.ncbi.nlm.nih.gov/32899435/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7641676/
https://pubmed.ncbi.nlm.nih.gov/19495926/
https://pubmed.ncbi.nlm.nih.gov/19495926/


Gut microbiome & Osteoporosis





PhytoSERM

To evaluate the efficacy of Tofupill/Femarelle (DT56a), a novel phyto-selective estrogen receptor modulator 

(SERM), in preserving bone mineral density (BMD) in postmenopausal women.

The study sample consisted of 98 healthy, postmenopausal women who were randomly allocated, on a 

double-blind basis, to receive either 644 mg/d DT56a (study group) or 344 mg/d DT56a supplemented 

with calcium (low-dose group) for 12 months.

After 12 months of treatment, BMD had increased in the study group by 3.6% 

in the lumbar spine (P = 0.039) and by 2.0% in the femoral neck (NS). In the 

low-dose group, BMD had decreased in the lumbar spine by 0.6% (NS) and by 

0.6% in the femoral neck (NS).



A group of scientists documented menopausal women released far fewer 

stem cells in response to bone fracture, further delaying bone repair. 

Another study on osteoporosis reported that releasing one’s own stem cells 

can in fact help maintain bone density.
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